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Liquid Xenon as a detection medium

. . electron recoil
Liquid Xenon (LXe) ID card 3 excitation + ionization .
nuclear recoil ; escaping °
Atomic number Z = 54 l " electrons
H!gh mass. number, (A) = 131 : atomic motion ionization
High density at 177 K, {p) = 2.86 g/cm Xe ¥V e electrons ;
No long-lived radioisotopes in WIMP ROI Xe, '
Efficient UV scintillator (178 nm)
Xeyt + e
IXe + ‘ l recombination
scintillation Ilght (178 nm) Xe"+Xe
v v

PRC 81 (2010) 025808

Dr. Erwann Masson — |JCLab (CNRS, Université Paris-Saclay)



Liquid Xenon as a detection medium

Liquid Xenon (LXe) ID card electron recol 3 excitation + ionization
nuclear recoil escaping °
Atomic number Z = 54 l " electrons
High mass number, (A) = 131 atomic motion ionization
High density at 177K, (p) = 2.86 g/cm’ T electrons ;
No long-lived radioisotopes in WIMP ROI Xe, '
Efficient UV scintillator (178 nm)
Xexy" + e
4 interaction cross section (o< A?) Y e +‘ l recombination
scintillation Ilght (178 nm) Xe"+Xe
v v

PRC 81 (2010) 025808

Dr. Erwann Masson — |JCLab (CNRS, Université Paris-Saclay)



Liquid Xenon as a detection medium

. . electron recoil
Liquid Xenon (LXe) ID card 3 excitation + jonization |
nuclear recoil ; escaping °
Atomic number Z = 54 l " electrons
High mass number, (A) = 131 atomic motion ionization
High density at 177K, (p) = 2.86 g/cm’ 2 A electrons ;
No long-lived radioisotopes in WIMP ROI Xe, '
Efficient UV scintillator (178 nm)
Xeyt + e
4 interaction cross section (o< A?) Y e +‘ l recombination
» High stopping power and scintillation Ilght (178 nm) Xe"+Xe
v v
\Y| S2

PRC 81 (2010) 025808

Dr. Erwann Masson — |JCLab (CNRS, Université Paris-Saclay)



Liquid Xenon as a detection medium

. . electron recoil
Liquid Xenon (LXe) ID card 3 excitation + jonization |
nuclear recoil ; escaping °
Atomic number Z = 54 l " electrons
High mass number, (A) = 131 atomic motion ionization
High density at 177K, (p) = 2.86 g/cm” T electrons ;
No long-lived radioisotopes in WIMP ROI Xe,
Efficient UV scintillator (178 nm)
Xexy" + e
4 interaction cross section (o< A?) Y e +‘ l recombination
» High stopping power and scintillation Ilght (178 nm) Xe"+Xe
> from harmful intrinsic background i ;
S| S2

PRC 81 (2010) 025808

Dr. Erwann Masson — |JCLab (CNRS, Université Paris-Saclay)



Liquid Xenon as a detection medium

. . electron recoil
Liquid Xenon (LXe) ID card 3 excitation + ionization |
nuclear recoil escaping '
Atomic number Z = 54 l T electrons
High mass number, (A) = 131 atomic motion ionization
High density at 177 K, (p) = 2.86 g/cm’ v electrons
No long-lived radioisotopes in WIMP ROI Xe, ' :
Efficient UV scintillator (178 nm)
Xeyt + e
4 interaction cross section (o< A?) Y e +‘ l recombination
» High stopping power and scintillation Ilght (178 nm) Xe“+Xe
> from harmful intrinsic background ; ;
» Powerful DM discrimination combining S 52

PRC 81 (2010) 025808

properties

Dr. Erwann Masson — |JCLab (CNRS, Université Paris-Saclay)



Liquid Xenon as a detection medium

. . electron recoil
Liquid Xenon (LXe) ID card oo recol 3 excitation + ionization |
escaping
Atomic number Z = 54 l l ’ " electrons
High mass number, (A) = 131 atomic motion Yot ionization
High density at 177 K, (p) = 2.86 g/cm’ ) electrons
No long-lived radioisotopes in WIMP ROI Xe,' +Xe :
Efficient UV scintillator (178 nm)
Xez + e
) interaction cross section (o< A?) »Ye +‘ recombmatlon
» High stopping power and scintillation Ilght (178 nm)
> from harmful intrinsic background ; ;
» Powerful DM discrimination combining S 52
properties PRC 81 (2010) 025808

) — well suited to DM search and evolving projects like XENON
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Detecting particles with a dual-phase TPC
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Detecting particles with a dual-phase TPC
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Detecting particles with a dual-phase TPC
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Detecting particles with a dual-phase TPC
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Reconstructing energy
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The evolution of LXe TPCs
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High-mass WIMP-nucleus interactions ... ... ...
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» Afew eventsin the region of interest but over background
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High-mass WIMP-nucleus interactions ... ... ...
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to the WIMP-nucleon cross section for WIMPs

» Unprecedented minimum of at (90% C.L.)
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Light DM search (S2-only)
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» Analysis using the — access to 2-3 times lower energies
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» Analysis using the — access to 2-3 times lower energies

» Best sensitivity to low-mass DM-matter interactions
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» Analysis using the — access to 2-3 times lower energies

» Best sensitivity to low-mass DM-matter interactions
) , from DM-electron scatterings to axion-like particles
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Light DM search (Migdal & Brems)

X-ray <

» Taking advantage of the between the
nucleus and orbital electrons motion
— and < 1 keV ER radiation
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Light DM search (Migdal & Brems)
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» Taking advantage of the between the
nucleus and orbital electrons motion

— and < 1 keV ER radiation

» Using S2 alone — sensitivity to DM
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Light DM search (Migdal & Brems)
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» Extremely rare process, never observed before
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Many background sources

TPC

Muon veto
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Many background sources //  Through > 1 km of rock

Neutrinos — too high energy
Dark particles Neutrinos & dark particles
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» Through cms of metal/LXe
Neutrons — NR, not ER

B & y — too high energy
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The tritium hypothesis

) as background in LXe TPCs
» B~ emitter = Qg = 18.6 keV, t1, =12.3 yr

» Cosmogenic activation? Atmospheric abundance?
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Tritium from the cosmos?

1. Xenon gas storage above ground = ~ 32 tritium atoms/(kg X d) =
with ~ 1 ppm water impurities
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Tritium from the atmosphere?

» Atmospheric abundance = tritium stored as N
detector materials, then

» HTO/H,0 = (5-10) X 107t®* mol/mol, assuming the same value for HT/H,
— required to make up the tritium-fitted excess
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Tritium from the atmosphere?

» Atmospheric abundance = tritium stored as N
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Tritium from the atmosphere?
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